This study measures the severity of a banking crisis by using its duration and the cost. Using this new methodology, we find that the factors associated with a severe banking crisis are not quite the same as those associated with a simple banking crisis. An ordered logit model and a large panel data set were used for this study. One of our major findings is that there exists a four-year time lag between an economic boom, or financial system liberalization, and the occurrence of a severe banking crisis in a country. This indicates that banking problems start much earlier than the time when they are revealed as banking crises. This study also finds that the lower the remains of a past banking crisis, the higher the probability of a severe banking crisis. It could be due to less-attentiveness of banking sector policy-makers with elapsed time. A high rate of inflation, existence of an explicit deposit insurance scheme, and a weak institutional environment are found to be common factors positively associated with both simple and severe banking crisis.
Introduction
At first, this paper proposes a new methodology to measure the severity of banking crisis, and then finds the * Corresponding author.
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factors associated with a severe banking crisis. Most of the previous studies 1 defined a banking crisis incidence depending on meeting one or more of the criteria such as a threshold level of non-performing loans, a threshold amount of assets of insolvent banks, a threshold level of cost of rescue operation from a crisis, or other kinds of banking sector problems. Those studies used a dummy variable (0, 1) to define the incidence of a banking crisis, and then found the factors associated with the crisis. However, all banking crises are not alike. They are different in terms of severity. Hence, unlike previous studies, we define a banking crisis with its severity level by taking an arithmetic average of two factors-crisis-duration and cost-ranking as determined by the percentage of GDP loss due to the banking crisis (see Table A1 in the Appendix). We use an ordinal variable to define different severity levels of banking crises, and then attempt to identify the associated factors or explanatory variables.
A number of studies have examined the factors associated with a banking crisis. Demirguc-Kunt and Detragiache [2] attempted to identify the factors causing a banking crisis. They focused on various macroeconomic, financial market, and institutional variables. Their study suggests that a banking crisis tends to occur when the economic growth rate in a country is low, inflation and real interest rates are high, there is vulnerability to balance-of-payment of the country, the country has an explicit deposit insurance scheme (DIS), and has weak law enforcement agency. The focus of another study by Demirguc-Kunt and Detragiache [3] is on the relationship between explicit DIS and banking crisis. That study shows that an explicit DIS increases the probability of a banking crisis. The probability is even higher when the DIS provides extensive coverage, it is funded, and run by the government, or the country's bank interest rates are deregulated. The study by Khan and Dewan [1] analyzes the effects of an explicit DIS on the banking crisis in a country while taking the country's overall economic development into consideration.
To our knowledge, as of today no study has defined the severity of a banking crisis by taking both the cost and the duration of the crisis into account while examining the factors associated with a banking crisis; or has shed light on the lag time between a banking problem and the revelation of a banking crisis. Hence, we felt the need for this study.
In order to determine the factors associated with a severe banking crisis, we examine various macroeconomic, financial, and institutional factors. Section 2 provides a brief theoretical underpinning for using a set of explanatory variables/factors in our model. These explanatory variables are GDP growth rate, terms of trade, depreciation rate, rate of inflation, ratio of M2 to foreign exchange reserves, growth rate of real domestic credit in the private sector, using of an explicit DIS, per capita GDP, and the remains of the past crisis. Formulation of these explanatory factors and their data sources are reported in Table A2 in the Appendix.
We have used a panel data set for a large number of countries from around the world for the period of 1980-2003 (we could not consider the recent banking crises experienced by the US and the European banking sectors for lack of necessary information to determine the severity of the banking crises). Unlike previous studies that used bi-variatelogit or probit model, we use an ordered logit model and find that the probability of a severe banking crisis is positively associated with an economic boom and a liberalized financial system when both variables are lagged by 4 years. It implies that banking problems start much earlier than the time when they are revealed. A possible explanation of that could be the fear of negative economic repercussions from early revelation. We also find that the longer the time-lag after the last crisis, the lower the remains of the crisis, and the higher the probability of a severe banking crisis. The factors such as the rate of inflation, the existence of an explicit DIS, and the country's weak institutional environment that other studies found to be associated with banking crisis, are also found to be positively associated with the severity of a banking crisis.
The remainder of this paper is structured as follows. The next section explains the data and the variables with a brief theoretical underpinning. Section three presents the estimation results and their robustness. Section four concludes.
The Data and the Variables

Dependent Variable-Severe Banking Crisis
We use Laeven and Valencia [5] as the source of data for severe banking crises. The severity of a crisis is determined by taking simple arithmetic average of the crisis-duration (in years) and the rank of percentage GDP loss (PGL). The ranks for PGL are as follows: 0 if PGL ≤ 1, 1 if 1 < PGL ≤ 20, 2 if 20 < PGL ≤ 40, and so forth. Hence, for instance, the severity of Argentine banking crisis is 3 as the crisis in 1980 lasted for 3 years (1980) (1981) (1982) , and its rank for PGL is 3 because of 58% GDP loss.
The variable "Severe banking crisis" takes the value 0, if a country didn't experience any banking crisis in a year; or else it takes the severity value as calculated. In order to avoid the simultaneity bias, we dropped the data for the duration of a crisis.
Independent Variables
GDP Growth Rate and Economic Boom
The contractionary phase of the business cycle can cause a banking sector problem [6] [7] . To measure the depth of economic contraction, we use the GDP growth rate. While a banking sector problem may happen concurrently with economic downturn, some suggest that an economic boom may precede a banking crisis [2] . Schwierz [8] suggests that "banking problems may be hidden for a long time until being detected and revealed by negative economic shocks". We use GDP growth rate with different lags to test whether or not a boom indeed takes place prior to a banking crisis. There may be a boost in export during an economic boom. Therefore, we also use lagged values of terms of trade to find the timing of economic boom before a banking crisis.
Liberalized Financial System Prior to a Banking Crisis
Many countries use liberalized financial system to stimulate domestic investment and economic growth by moving away from financial repression that reduces private credit [9] [10] . A large volume of studies find that a country's financial system remains liberalized prior to a banking crisis [3] [4] . Some studies, e.g., DemirgucKunt and Detragiache [2] , use both the ratio of private credits to GDP and the growth of domestic credit as indicators of liberalized financial system. However, the first variable is found to be little, or not, significant [2] . The variable that we use in our model is used by Khan and Dewan [1] , and it takes both of the variables from Demirguc-Kunt and Detragiache model into consideration. As private sector is the main beneficiary of a liberalized financial system, it makes sense to use the growth rate of private domestic credit as the indicator for liberalized financial system. We use the growth rate of private domestic credit with different lags to find the number of years it takes for a severe banking crisis to happen after financial system liberalization.
Institutional Environment
The institutional environment in a country is an important factor for a banking crisis. The institutional environment indicates the country's capability to take necessary measures to prevent or contain a banking crisis [11] . Besides per capita GDP, variables such as the corruption index and the law and order index are used to represent institutional environment in a country [1] - [3] . However, the impacts of these variables are found to be not significantly different from each other. Therefore, we prefer to use per capita GDP to represent the institutional environment in a country. It has several advantages over other indicators. Firstly, it better represents other kinds of institutional environments. For example, the higher the level of per capita GDP in a country, the better the country is capable of controlling corruption, maintaining the law and order condition, and reducing bureaucracy. Secondly, time series data for the corruption index and the law and order index are not available for many countries for long period of time, whereas the data on per capita GDP is readily available.
Deposit Insurance Scheme (DIS)
An explicit DIS seems to have two opposing effects on a banking crisis. According to Diamond and Dybvig [12] , a DIS entails optimal policy to protect bank stability in an environment where the stability could be threatened by a self-fulfilling depositor run. On the other hand, some argue that bank managements under the net of DIS can take excessive risk in disbursing loans (moral hazard problem), leading to a banking crisis [1] [3] . Most of the studies 2 that examined the factors associated with a banking crisis found the use of an explicit DIS by a country to be a highly significant factor for the banking crisis. Hence, the use of explicit DIS as an explanatory variable in our model is justified from both empirical and theoretical grounds. We use a dummy variable to examine the impact of explicit DIS (1 if a country uses explicit DIS, 0 otherwise).
The Remains of a Past Banking Crisis
Kindleberger [13] states that "some time must elapse after one speculative mania that ends in crisis before investors have recovered sufficiently from their losses and disillusionment to be willing to take a flyer again". One theory that is consistent with this view is that the more the time elapses after a banking crisis, the lower the residue of the crisis, and the less careful the central authority about the prudential regulation of the banking sector. It allows the bank managements to again disburse high-risk loans, which consequently increases the recurrence of a banking crisis. A contrary view is that the more the time elapses after a banking crisis, the more properly the crisis is addressed. That lowers the residue of the crisis, which effectively reduces the recurrence of another crisis. We attempt to test these contradictory views empirically.
Other Independent Variables
The high rate of inflation in a country can cause its financial market and economic condition to be fragile [14] . If the rate of inflation is high, the creditors and the depositors see financial loss from their money lent or deposited, which ultimately jeopardizes the financial system, and leads to a banking crisis [4] .
The real interest rate is another influencing factor of financial market, and a contributing factor to banking crisis [2] [3] . A high real interest rate can cause the borrowers to default on their loans, which consequently can cause a banking crisis.
The large volume of currency in circulation relative to the foreign exchange reserve is also a strong indicator of the vulnerability of a country's financial market [15] . A country with good economic prospect or booming economic condition attracts foreign direct investments, bank loans, and such. These credits are invested in local currency. When the foreign creditors or investors sense the economic condition of the country to be fragile, or find alternative sources of higher financial gains from their investments, they withdraw (or tend to withdraw) their money from the country. This can cause serious problems for a country's financial sector.
Empirical Evidence
Estimation Model
As our dependent variable "Severe banking crisis" takes multiple values because of different severity levels of the crises, we use an ordered logit model for data analysis. Following is a brief description of our fitted model. See Green [16] for detail.
In The ordered logit model estimates the probability that the latent variable Y * falls between two threshold values by assuming a logistic distribution for the error term and using the estimated value of Z .
When interpreting the regression results of an ordered logit model, it is important to remember that an estimated coefficient does not indicate the direct increase in the probability of a crisis given a one-unit increase in the corresponding explanatory variable. Instead, the coefficient reflects the effect of a change in the explanatory variable on the probability function as mentioned above. However, the sign of the coefficient does indicate the direction of the change.
Estimation Results
The estimation results are reported in Table 1 . The results show that the GDP growth rate and the terms of trade (the two indicators used to measure economic boom), when lagged by 4 years, are positively correlated with the probability of a severe banking crisis and are statistically significant at 6.6% and 3.4% level respectively. They are not statistically significant when lagged by 1, 2 or 3 years (results can be obtained from the authors). This finding is consistent with the comment by Schwierz [8] that a banking crisis process may start much earlier, but may remain hidden until it is detected and revealed by negative economic shocks. We find that the correlation coefficient between contemporaneous GDP growth rate and the severity of a banking crisis is negative (significant at 1% level). It supports the theoretical view [6] [7] and the empirical findings [3] that banking crisis happens during economic downturn. After an economic boom when a country experiences a gradual economic downturn, and its economic growth rate becomes very low, it is then the country experiences a severe banking crisis. It could be noted here that we come to the same conclusion by using different dataset and methodology from those of other studies.
As theory suggests [9] [10], the high growth of domestic credits in the private sector (an indicator of a liberalized financial system) has a positive correlation with the severity of a banking crisis in our model. However, this variable is statistically significant only when lagged by 4 years. What we observe is that with a potentially good economic prospect, a country liberalizes its financial system in order to channel money to the investors and borrowers, but this liberalized financial system has a rather unexpected impact afterwards on the economy. It contributes to a banking crisis in a few years (4 years to be exact in our data).
We also find that the more the time elapses after a banking crisis, the lower the remains of the crisis, and the higher the probability of a severe banking crisis. A plausible explanation of this is that as time elapses after a banking crisis, policy-makers become more and more passive. That eventually leads to a severe banking crisis.
The rate of inflation is another factor that is positively associated with the severity of a banking crisis (significant at 5% level). With a high rate of inflation, the lenders incur financial losses. As a result, many lenders/banks recall their loans or increase interest rates. These actions cause many firms to fail and the number of non-performing loans to increase, which contributes to a banking crisis [3] [4].
Khan, et al. [11] found that a country with weak institution was not capable of taking necessary measures to protect the country from a potential banking crisis, or a financial sector collapse. This study supports that finding by using new data and estimation technique. It shows that a country's institutional environment, measured by the GDP per capita, where higher per capita GDP means better institutional environment, is negatively associated with the severity of a banking crisis (significant at 2% level).
We also find that the existence of a DIS increases the probability of a severe banking crisis (significant at 1% level). This finding is consistent with the findings of several other studies about simple banking crisis that used bi-variatelogit/probit model [1] [3].
Robustness of the Empirical Findings
To check for the robustness of our results, we need to test for simultaneity bias or reverse causality problem for the contemporaneous variables (i.e. the variables without any lag or lead). We focus on the variables that are statistically significant in Regression-1 of Table 1 , i.e. per capita GDP, DIS, and inflation for causality test.
Replacing per capita GDP with the level of corruption as an indicator for institutional environment in Regression-1 can solve one possible simultaneity bias problem. For the level of corruption in a country doesn't change frequently. It is very unlikely that the level of corruption would change immediately after a banking crisis. Using corruption 3 as an independent variable, we obtain the same relationship as before between the institutional environment and the probability of a severe banking crisis in a country (results can be obtained from the authors).
The adoption of DIS and a banking crisis may happen simultaneously, which creates causality problem. One can identify the causality run by using a two-stage estimation method. In the first stage, estimate the predicted value of the adoption of a DIS based on a set of explanatory variables, and call it DIS-predict. In the second stage, replace the DIS-dummy with the variable DIS-predict to estimate the probability of a severe banking crisis. See Khan and Dewan [1] for detail. The results show that the adoption of a DIS causes a banking crisis, not vice versa (results are not reported, but can be obtained from the authors).
To check for the causality run between inflation and banking crisis, we use a two-stage estimation method again. Stage 1: Using the OLS method, we estimate the predicted value of inflation based on a set of independent variables, where at least one variable is theoretically related to inflation but not to severe banking crisis. That variable is "Excess population growth rate," which is the difference between the population growth rate and the GDP growth rate.
Stage 2: Using the ordered logit estimation method, we estimate our benchmark regression equation (Regression-1) by replacing inflation rates with the predicted values of inflation (Inflation-predict) in the equation.
The estimation result shows that the coefficient of Inflation-predict has the expected sign, and it is a highly significant factor for a severe banking crisis. It proves that a high inflation causes a severe banking crisis, not vice-versa (results can be obtained from the authors).
Conclusions
Instead of considering all banking crises alike, in this study, we differentiate among the crises based on their severities. The severities are measured by the costs and the durations of the crises. Using an ordered logit model, we identify the factors that are associated with a severe banking crisis.
The most significant finding of this study is that a severe banking crisis is associated with an economic boom and financial system liberalization when both variables are lagged by 4 years. It implies that the process of a banking crisis starts much earlier than when it is revealed [8] . It could be kept hidden for several reasons. Firstly, not to reveal the administrative and/or managerial weaknesses that caused the financial institutions to be in problems. Secondly, it might not be revealed due to time inconsistency problem. Quite often there is political interest such as being afraid of losing popularity. That forces the policy-makers not to reveal the financial market problems timely. As the necessary measures are not taken at the onset of the financial market problems, they get much worse when they are detected and revealed.
This study suggests that the policy-makers ought to be careful during an economic boom, especially when the country has a liberalized financial system. Sustainable economic growth with a secured and non-vulnerable financial system is certainly better than a rapid but unsustainable economic boom with a shaky liberalized financial system. Many firms take advantage of liberalized financial channels and invest money in risky projects. As a result, productions increase to have an economic boom, but the economic boom does not last long as the productions from the projects are not sustainable and the projects eventually fail. In most cases, projects struggle for a long time before they fail. The financial institutions that lent money to the struggling projects start to feel the bites during that period. Once the projects fail, the financial market's problems get worse. The policy-makers' timely and prudent measures about a liberalized financial system are essential to avoid imminent problems in the financial sector.
Another important finding of this study is that the more the time elapses after a banking crisis, the less the remains of the crisis, and the higher the probability of the recurrence of a severe crisis. We argue that as the past crisis gets older, the policy-makers are less vigilant about the stability of the financial market, which causes another banking crisis to start. We suggest that once a country experiences a banking crisis, efforts for a stable banking sector should be continued even after the crisis is resolved. Prudential financial market regulation, timely supervision with necessary stringent actions against problematic financial institutions should be inevitable part of the financial market management policy for all the time.
A few other findings of this study are not different from those in other studies. For instance, we also find that a high rate of inflation, a weak institutional environment, and the existence of a DIS are associated with the severity of a banking crisis. Therefore, we recommend price stability, transparent institutional environment, and a prudentially regularized and supervised DIS for a stable banking sector.
One limitation of this study is that we could not include the most recent banking crises experienced by the US and the European banking sectors due to the lack of complete data on crisis-cost and crisis-duration. We will extend this study when that data becomes available. 
